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SYNTHESIS OF GLUCURONIDES OF FLUOROPYRIMIDINE DRUGS: N- AND
O-GLUCURONIDES OF 5-FLUOROCYTOSINE AND S-FLUOROQURACIL

N. Chouini-Lalanne, J.P, Vialaneix, S. Mansouri, M.C. Malet-Martino, R. Martino*

Laboratoire des IMRCP (URA CNRS 470), Université Paul Sabatier, 118, route de
Narbonne, 31062 Toulouse Cédex, France

ABSTRACT: The protected (4a-9a) and deprotected (4b-6b, 8b) glucuronides of
S-fluorocytosine and 5-fluorouracil were synthesized and characterized by mass spectro-
metry and 19F, 1H and 13C NMR. The substitution position of the sugar moiety on the
pyrimidine ring was determined from the 13C NMR chemical shift of the Ci' of the

sugar. The o or B configuration of the glucuronide linkage was assigned on the basis of
the value of the coupling constant between H1' and H2' of the sugar.

INTRODUCTION

The formation of glucuronides of two fluoropyrimidine drugs, (5-fluorouracil (FU)
used in the treatment of solid tumors, and 5-fluorocytosine (FC) used in the treatment of
severe fungal infections) has recently been reported!-2, In both cases, these covalent con -
jugates of B-D-glucuronic acid were characterized by examination of the aglycon released
by specific enzymatic hydrolysis using 8-glucuronidase. However, the position of the
conjugation on the aglycon could not be assigned as FU and FC are multifunctional com-
pounds. In an attempt to determine the exact structure of the glucuronide of FC found in
the urine of patients treated with this drug2, we characterized all the possible glucuronides
of this drug by NMR (19F, IH and 13C) and mass spectrometry. Since we were not able
to find any description in the literature of the preparation of these glucuronides, we deve-
loped their synthesis, which forms the subject of this report. Since the methods can also
be applied to FU, we synthesized two glucuronides of FU and characterized their structu-

res. The structures of the compounds synthesized are shown in FIG. 1.
331
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FIG. 1. Structures of the different glucuronides synthesized from 5-fluorocytosine and

5-fluorouracil.

RESULTS AND DISCUSSION

Synthesis of FC glucuronides

In common with cytosine, FC has four nucleophilic sites (N1, O2, N3 and N7), and

so four monoglucuronides could be formed. From the studies of Ulbricht et al.3-5 and

Vorbruggen et al.6-8 on the synthesis of pyrimidine glucosides, it appeared that the prefe-

rential synthesis of the O2-glucoside of cytosine was obtained by activating the carbonyl

group of cytosine3, and that of the N1-glucoside by protecting cytosine by silylation6.82,

So, we inferred that the condensation of cytosine itself with the sugar could afford a mix-

ture of several glucosides. Using these methods, we were able to prepare four monoglu-

curonides of FC.
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The protected glucuronide 4a was synthesized by condensation of the silver salt of

FC with methyl 2,3,4-Tri-Q-acetyl-1-bromo-1-deoxy-a-D-glucopyranuronate 3, which
was prepared in two steps from D-(+)-glucurono-3,6-lactone 1 (FIG. 2) according to the
method described by Ulbricht and Rogers3a.

The desorption chemical ionization (DCI) mass spectrum of 4a showed the parent ion
[MH]* at m/z 446. Loss of the glucuronic acid moiety by glycosidic cleavage produces an
ion at m/z 130 (aglycon + H)* characteristic of the protonated FC. The pyronium ion
(C13H17 Og)* appears at m/z 317%:10,

Analysis of the NMR spectra showed that compound 4a corresponded to the
02-B-glucuronide of FC. The structure of the cytosine ring and the sugar was well cha-
racterized from the 'H and 13C NMR spectral data (TABLES 1,2). The 13C NMR chemi -
cal shift of the C1' of the sugar (95.2 ppm) indicated that the aglycon and the glucuronic
acid moiety were joined by a C1'-O linkage. The § configuration of the glucuronide linka-
ge was assigned on the basis of the large coupling constant between H1' and H2'
(JH1-H2' = 8.1 Hz), indicative of axial-axial coupling (JH1'-y12' = 8-10 Hz for the B
anomer versus =~ 4 Hz for the o anomer)10,

Careful removal of the protecting groups (acetylated and methylated) in sodiated me-
dium afforded the O2-B-glucuronide of FC 4b. The negative ion fast atom bombardment
(FAB) mass spectral data showed the presence of molecular ions at m/z 304 [M-H}" and
326 [M-H+Na]- as expected since the compound was not purified from the sodiated me-
dium.

The C1' resonance located at 99.6 ppm in the 13C NMR spectrum (TABLE 4) is cha-
racteristic of a C1'-O linkage. In the TH NMR spectrum (TABLE 3), the anomeric proton

(H1") resonance at 5.61 ppm exhibited a coupling constant Jyy1.y2' = 6.8 Hz indicating
a B-glycosidic linkage.

Specific synthesis of methyl 2.3.4-Tri-O-acetyl-1-deoxy-1-(5-fluorocytosin-1-yh-8-D-

1-y1)-B-D-glucopyranuronic acid (N1- B-FC glucuronide) Sb
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Compound 5a was synthesized specifically by reacting the bromosugar 3 according
to the method described by Vorbruggen and Bennua.

In the DCI/NH3 mass spectrum, the signals at m/z 446 and 463 represent the mole-
cular ions [MH]* and [MNH4]* expected for the protected glucuronide Sa. The signals at
my/z 317 and 130 were attributed to the pyronium ion and protonated FC respectively.

The nature of the linkage between the cytosine ring and the glucuronate moiety was
established from the 13C and TH NMR data. The C1' 9 at 81.7 ppm is characteristic of a
C1'-N bond (TABLE 2), and the coupling constant 3Jg1".jy2' of 9.4 Hz indicates an
axial-axial coupling, i.e. a B configuration of the sugar (TABLE 1). The !9F nucleus reso-
nates as a doublet of doublet (dd) due to coupling between H6 of the cytosine ring (J =
6.9 Hz) and H1' of the sugar (J = 1.8 Hz). The same coupling constants were determined
on the 'H NMR spectrum from H6 and H1' signals (TABLE 1). The SJg_g1' coupling is
characteristic of derivatives of FU or FC substituted by a sugar on nitrogen 111.

The structure of the N1-8-glucuronide of FC 5b formed by deprotection of com-
pound 5a was established from the negative ion FAB mass spectrum (molecular ions
{M-H]- and [M-H+Naj- (due to the sodiated medium) at m/z 304 and 326 respectively)
and the 19F, 1H and 13C NMR spectra. The C1' 9 at 86.4 ppm (TABLE 4) is characteris-
tic of a C-N linkage between cytosine and glucuronic acid, the 3Jg1.go' of 7.3 Hz (TA-
BLE 3) indicates a 8 configuration of this linkage, while the existence of SJg_g1' (TA-

BLE 3) is indicative of a 5-fluoropyrimidine substituted by a sugar on N1.

Non specific synthesis of FC glucuronides

Condensation of unprotected and unactivated FC with the bromosugar 3 according to
Wagner and Mahrwald!2.13 afforded four fluorinated compounds. Analysis of the reac-
tion mixture by 19F NMR showed the presence of four derivatives of FC resonating at
-87.5, -87.6, -88.5 and -89.7 ppm (in CHCl>) in the following proportions 38%, 36%,
7% and 19%. On thin layer chromatography (TLC) (silica, elution with CHCI3:CH30H,
92:8) they had Rf of 0.6, 0.7, 0.3 and 0.2 respectively, and they were thus separated on a
silica column. Mass spectrometry and 'H and 13C NMR showed that the derivatives reso-
nating at -87.5 ppm (Rf = 0.6) and -89.7 ppm (Rf = (.2) corresponded to the O2- and

N1-8 protected glucuronides of FC, 4a and 5a respectively. The two other compounds
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TABLE 3. IH NMR characteristics of FC and FU glucuronides.

d, multiplicity, J3

compound 02-8-FC 02-0-FC N1-8-FC N1-8-FU
4b 6b 5b 8b
H6 7.82, d, 3.2b 7.85, d, 3.3b 791, d, 6.3b 8.03, d, 6.3b
H1' 5.61, d, 6.8 6.20, d, 3.7 5.62, dt, 7.3, 1.7, 1.7¢ 5.65, dd, 8.9, 1.7d
H2' 3.77, dd, 3.7, 9.8 3.69-3.61%, m
H3' 3.57-3.51¢, m 3.88, 1, 9.5 ; 381354 m
H4' 3.55, dd, 9.1, 10.1 3.60-3.51, m
H5' 3.82, d, 8.5 3.98, d, 10.1 3.87,d,9.7 393, 4, 9.6

2 Spectra were recorded in D20. d are expressed in ppm relative to TMPS. JH.H or H.F are expressed in Hz. The signals
of the protons H1' to H5' of the sugar moiety were assigned from H,H COSY.

b JHe6-F coupling constant.

¢ 3JH1’-H2' =7.3 Hz, 5JH1'—F =1.7 Hz, 51H1'-H4‘ = 1.7 Hz; this last interaction is also evident in the H,H COSY
spectra.

451417 R

€ H,H COSY spectra demonstrated that H3' is more deshielded than H2', which is itself more deshielded than H4'.

f From H,H COSY spectra, it was established that H2' is more deshielded than H3', which is itself more deshielded than
H4'.

were attributed from the behavior on TLC to an O-glucuronide (9 = -87.6 ppm, Rf =0.7)
and an N-glucuronide (0 = -88.5 ppm, Rf =0.3).

- Determination of the structure of the O-substituted compound 6a and its deprotected ho-
mologue 6b

The DCI mass spectrum of the purified compound characterized by a 19F NMR 9 of
-87.6 ppm and an Rf of 0.7 showed signals at m/z 446 [MH]*, as expected for a protec-
ted glucuronide of FC, and at m/z 317 and 130 for the pyronium ion and protonated FC.
In the 13C NMR spectrum (TABLE 2), the @ of C1' at 92.2 ppm is characteristic of a C-O
linkage. The high shielding of C1', C3' and C5' relative to the same carbon atoms in the
protected O2-8-glucuronide 4a (-2.6 to -3.0 ppm) indicates that the cytosine ring is in an
axial position. Compound 6a is thus an O-glucuronide of configuration a. This configu-
ration was supported by the weak 3J{1'.j2' coupling (3.6 Hz) in the 'H NMR spec-
trum, indicative of an axial-equatorial coupling, and hence an o anomer!0 (TABLE 1).
Compound 6a is thus methyl 2,3,4-Tri-O-acetyl-1-(4-amino-5-fluoro-pyrimidin-2-yl)-a-

D-glucopyranosiduronate or the protected O2-a.-FC glucuronide.
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TABLE 4. 13C NMR characteristics of FC and FU glucuronides.

9, multiplicity, J&

compound 02-8-FC 02-a-FC N1-8-FC N1-8-FU
4b 6b 5b 8b

C2 161.2, s 161.0, s 159.1, s 1537, s

C4 158.3, d, 14.6 158.6, d, 15.0 161.3, d, 14.5 1625, d, 25.6

C5 145.8, d, 247.4 1456, d, 247.2 140.6, d, 244.5 143.8, d, 236.0

C6 142.4, d, 21.9 1423, d, 21.7 128.9, d, 32.5 128.3, d, 34.6

Ct' 99.6 97.1 86.4 85.4

Cc2' 75.0 73.1 74.2 73.7

Cc3' 78.1 753 78.7 78.4

c4' 74.4 74.5 74.3 74.0

C5' 79.2 76.2 81.4 81.2

e’ 178.1 178.6 178.1 177.8

2 Spectra were recorded in D20. 6 are expressed in ppm relative to TMPS. J¢. | are expressed in Hz. The signals of
the carbons C1' to C5' of the sugar moiety were assigned from H,C COSY.

The structure of the O2-¢-FC glucuronide 6b resulting from careful removal of ace-
tylated and methylated protecting groups was determined from the mass spectra and the
NMR data: molecular ion at m/z 304 [M-H]- in the negative ion FAB mass spectrum, C1'
@ = 97.1 ppm characteristic of a C-O linkage between pyrimidine and sugar moieties,
3JH1-H2' = 3.7 Hz characteristic of an o configuration for the C-O linkage (TABLES
3,4).

- Determination of the structure of the N-substituted compound 7a

The FAB mass spectrum in positive mode of the purified compound with a 19F
NMR 0 of -88.5 ppm and an Rf of 0.3 showed the molecular ion [MH]* at m/z 446 cha -
racteristic of a protected glucuronide. The daughter ion spectrum of this ion afforded ions
at m/z 386 (loss of one acetic acid molecule), 317 (pyronium ion), 257 {(pyronium ion -
one acetic acid molecule), 155 (pyronium ion - two acetic acid molecules - one ketene mo-
lecule) and 130 (protonated FC)%-10,

The 1H NMR spectrum (TABLE 1) showed that it was a B anomer GJgy1'.2' = 9.4
Hz), while the 13C NMR spectrum (TABLE 2) showed that it was an N-glucuronide (C1'
0 = 79.9 ppm). Compound 7a is thus an N-glucuronide in the B configuration, either
N3-8- or N7-B-glucuronide. In the case of substitution on the exocyclic nitrogen, the elec-
tronic environment of H1' is comparable to that of the H1' proton in the protected

02-8-glucuronide 4a, except for the presence of nitrogen instead of oxygen. Due to the
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TABLE 5. UV absorption spectra for some cytosine derivatives.

Anax (hm) AX (nm) reference
neutral pHa acid pHb neutral-scation
cytosine 267 276 +9 14
S-fluorocytosine 275 281 +6 14
276 278 +2 this work
1-methylcytosine 274 283 +9 14
3-methylcytosine 294 274 -20 14
7,7-dimethylcytosine 274 282 +8 14
5-fluorocytidine 281 290 +9 14
280 292 +12 this work
N1-B-FC 5a 276 284 +8 this work
N3-8-FC 7a 324 296 28 this work

4 pH = 7.0 excepi for 3-methylcytosine (pH = 12.0).
bpH=1.0 except for 3-methylcytosine (pH = 4.0).

difference in electronegativity between N and O, the H1" signal in 7a should be more
shielded than in 4a. The observation of a downfield shift of 0.44 ppm for the H1' signal
in 7a relative to 4a shows that 7a is not the N7-8-glucuronide.

The N3-8-glucuronide structure was confirmed from measurements of the UV spec-
tra of FC, 5-fluorocytidine and the two N-B-glucuronides 5a and 7a at different pH. The
neutral species of cytosine, 5-halogenocytosines, 7,7-dimethylcytosine as well as their
1-methyl and 1-B-D-ribofuranosyl derivatives in aqueous solution can be represented by
structure I. Their cations are formed by protonation on N312.13, When passing from neu-
tral to cationic form, all these compounds exhibit a bathochromic shift of the position of
the maximum absorption wavelength with a AL, of =9 nm!4 (TABLE 5). 3-methylcy-
tosine and 6-halogenocytosines exist predominantly in aqueous solution in the 4-amino-2-
oxo structure I114-16, Protonation of these compounds, which occurs on N1, is manifes-
ted by a hypsochromic shift of their maxima of 20 nm!4 (TABLE 5). Protonation of
compound 7a induced a hypsochromic shift of 28 nm (TABLE 5). If compound 7a was
the N7-glucuronide, its protonation would have given rise to a bathochromic shift of its

absorption peak. Therefore 7a must be methy! 2,3,4-Tri-O-acetyl-1-deoxy- 1-(5-fluoro-
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cytosin-3-y1)-8-D-glucopyranuronate. We wanted to check that protonation of com -
pounds with a type 1 structure (FC, 5-fluorocytidine, N1-B-FC 5a) did in fact show a ba-
thochromic shift of their absorption peaks as reported by Wempen and Fox!4b. The re-

sults shown in TABLE 5 show a bathochromic shift of their A of 2to 12 nm.

max

I

Deprotection of glucuronide 7a led to a mixture of five fluorinated compounds of

which only fluoride anion and the O2-8-FC glucuronide 4b could be identified.

Conclysion

Of the four potential nucleophilic sites of FC, the oxygen on carbon 2 is most reacti-
ve towards the bromosugar 3. The O-glucuronides make up 74% of the products versus
19% from those derived from attack on nitrogen 1 and 7% from attack on nitrogen 3. This
is in complete agreement with the theoretical study of Pullman and Armbruster!7 who
compared the nucleophilicity of the N3 and C2=0 positions. The preferred site of proto-
nation is nitrogen 3, whereas for more bulky electrophiles (C2H51), the oxygen of the
C2=0 site is more accessible.

The absence of functional attack at the exocyclic amino group in our experiments can
be accounted for by the partial double bond character of the C-N extracyclic bond due to
resonance structures of types III and IV. Rotational restriction of the exocyclic amino
group has been predicted from different computational methods, and has been observed

by NMR on 7-methyl- and 7,7-dimethylcytosine derivatives!5.
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6+

The 19F NMR analysis of human urine samples spiked with the synthesized depro-
tected FC glucuronides showed that the glucuronide formed in the metabolism of FC is

the O2-8-FC glucuronide 4b.

Synthesis of FU glucuronides

Synthesis of the various O-monoglucuronides of FU has been reported by resear-
chers of the Sankyo Co.18-20, and that of the N-mono- and diglucuronides of FU by
Mahrwald and Wagner!2, However, the spectroscopic characteristics of these compounds
(mass or 19F, 1H, 13C NMR) so far have not been described. Furthermore, although a
general scheme for synthesis of all the glucuronides of FU was reported in 197718, no

experimental details for the preparation of the di-O-glucuronide of FU are available.

Synthesis of methyl 2,3.4-Tri-O-acetyl-1-deoxy-1-(5-fluorouracil-1-y1)-8-D-glucopyra-

nuronate (protected N1-B-FU glucuronide) 8a and i-deoxy-1-(5-flugrouracil-1-yl)-B-D-

glucopyranuronic acid (N1-8-FU glucuronide) 8b

The protected N1-8-FU glucuronide 8a was synthesized by reacting the bromosugar
3 with persilylated FU in the presence of SnCly7-12.

The structure of the obtained compound 8a was determined by mass and NMR spec-
roscopy. DCI with ammonia as carrier gas showed molecular ions at m/z 447 [MH]* and
m/z 464 [MNH4]*. The chemical shift of C1' (81.0 ppm) in the 13C NMR spectrum
(TABLE 2) demonstrates the existence of a C-N linkage between the sugar and the FU
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moiety. The high value of 3Jg1'.{2' (9.3 Hz) is indicative of a B configuration for the
C-N linkage, while the SJg1'.F coupling (1.7 Hz on 'H NMR spectrum or 1.5 Hz on
19F NMR spectrum) shows that the nitrogen 1 of the pyrimidine ring is substituted!1.

Deprotection afforded, after purification by HPLC, 1-deoxy-1-(5-fluorouracil-1-yl)-
B-D-glucopyranuronic acid 8b, which was characterized by its negative ion mass spec-
trum (molecular ion at m/z = 305), and 'H and !3C NMR spectra (C1' 3 = 85.4 ppm:
N-glucuronic acid, 3Jg1'-H2' = 8.9 Hz: B linkage between the sugar and the pyrimidine
moiety, SJg.[1' = 1.7 Hz: N1-glucuronic acid) (TABLES 3,4).

Synthesis of dimethyl 2.2'3,3'.4.4'-Hexa-O-acetyl-1,1'-(5-fluoro-pyrimidin-2 .4-diyl)-
-D-gl ranosiduron T 2.04 bis-B-FU glucuroni

This compound was obtained by condensation of the silver salt of FU with acetobro-

moglucose 3. The DCI/NH3 mass spectrum showed molecular ion [MH2]2+ at m/z 764
and the ion [MHNH4]2* at m/z 781. 13C and TH NMR data demonstrated the presence of
two C-O linkages between FU and the sugar moiety (C1' 9 = 95.7 and 94.5 ppm) with a
B configuration (3Jpy1'-H2' = 7.5 and 7.9 Hz) (TABLES 1,2). Deprotection of 9a led to

extensive degradation.

Syn/anti preferred orientation about N-glycosidic bond

The long-range five-bond spin-spin coupling interactions between H5 or F5 and H1'
detected in pyrimidine nucleosides were rationalized by a predominantly anti conformation
for each nucleoside (5,6 double bond endo or C2=0 exo to the sugar ring). Indeed, this
conformation places the H5 or F5 and H1' in the zig-zag or "W" configuration, which fa-
vors long-range couplings!l. In orotidine, the anti conformation is not favored since it
means that the 6-substituent (namely the bulky carboxyl group) lies above the sugar. This
sterically unfavorable interaction suggested that the syn conformation (2-keto oxygen
above the sugar ring) is preferred for this compound, as demonstrated from !H NMR
chemical shifts and coupling constants of the ribose ring2l. In the syn conformation, H5
and H1' are not connected by an extended zig-zag path, and therefore no five-bond cou-
pling is detectable22,

As a consequence, a predominantly anti conformation V was indicated by the five-

bond coupling between F5 and H1' in protected and deprotected N1-FC and FU glucuro-
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nides (5a, 5b, 8a, 8b). The fact that this coupling exceeded 1.5 Hz (YH NMR spectra)
confirmed the B configuration of the linkage between the sugar and the pyrimidine ring
since the magnitude of this long-range coupling has been shown to be > 1.5 Hz for 8
compounds and < 1.5 Hz for & compounds!l.

The protected N3-B-FC glucuronide 7a did not exhibit any long-range coupling bet-
ween F5 and H1', and is thus most likely to be in the syn conformation V1. This conclu-

sion is logical as placement of the 2-keto oxygen over the sugar ring (syn conformation)

is sterically more favorable than that of the 4-amino group (anti conformation).

o NH,
V, anti conformation V1, syn conformation
N1-8-FC glucuronide Sa N3-B-FC glucuronide 7a
EXPERIMENTAL SECTION

General methods

1H, 19F and 13C NMR spectra were recorded at 300, 282.4 and 75.4 MHz respecti -
vely on a Bruker AM 300 WB spectrometer. Chemical shifts are reported in parts per mil-
lion (ppm) relative to (i) tetramethylsilane (TMS) (or 3-(trimethylsilyl)-propane sulfonic
acid sodium salt (TMPS) for compounds in aqueous solution) as internal standards for the
1H and 13C NMR spectra, and (ii) trifluoroacetic acid (CF3COOH) in 5% (w/v) aqueous
solution as an external standard for the 19F NMR spectra. Notations used are s: singlet, d:
doublet, t: triplet, dd: doublet of doublet, dt: doublet of triplet, m: multiplet and b: broad.
Total assignments of the 1H and 13C signals were obtained from analysis of two-
dimensional homonuclear (HH) or heteronuclear (HC) correlated NMR spectra (2D H,H
COSY and 2D H,C COSY). DCI mass spectra were obtained with a Nermag R10A spec-

trometer with ammonia as carrier gas, and FAB mass spectra in positive or negative mode
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with a VG ZAB HS spectrometer. The UV spectra were recorded on a Hewlett-Packard
8452A spectrometer. Melting points (mp) were taken on a Reichert apparatus and were
uncorrected. The HPLC system consisted of a Waters model with a photodiode atray de-
tector. TLC used Merck silica gel plates GFp54.

All the compounds synthesized were characterized by NMR (19F, 1H, 13C, 2D H.H
COSY and 2D H,C COSY) and mass spectrometry. In some cases, UV spectra were also

recorded.

Syntheses
Methyl 1.2.3 4-Tetra-O- -3-D-gl nuronate 2

Compound 2 was prepared according to the procedure of Bollenback et al.23. Yield:
60%; mp: 178°C (lit.23: 176.5-178°C). 1H NMR (CDCl3): 5.78 (H1,d, 7.7 Hz characte -
ristic of a B anomer form), 5.14 (H2, dd, 7.9 Hz with H1 and 8.8 Hz with H3), 5.32
(H3, AB system with H4 J = 9.1 Hz, ] = 8.8 Hz with H2), 5.24 (H4, AB system with
H3 J = 9.1 Hz, J = 9.4 Hz with HS), 4.20 (HS, d, 9.4 Hz), 3.75 (CH30CO, s), 2.12
(CH3COO, s), 2.04 (2 x CH3COO, s), 2.03 (CH3COO, s). Assignments of H2, H3 and
H4 were established by irradiation of H1 and H5 resonances. 13C NMR (CDCl3): 169.9,
169.4, 169.2, 168.8 (4 x CH3C00), 166.8 (CH30CO), 91.4 (C1), 70.2 (C2), 71.9
(C3), 68.9 (C4), 73.0 (C5), 53.0 (CH30CO0), 20.8 (CH3CO0), 20.6 (2 x CH3COO),
20.5 (CH3COO0). Assignments of C1-C5 were obtained from 2D H,C COSY.

Methyl 2.3.4-Tri-O-acetyl-1-bromo-1-deoxy-g-D-glucopyranuronate 3

Compound 3 was prepared according to the procedure of Bollenback et al.23. Yield:
65%; mp: 107°C (1it.23: 106-107°C). TH NMR (CDCl3): 6.61 (H1, d, 4.1 Hz characteris-
tic of an a anomer form), 4.82 (H2, dd, 4.1 Hz with H1 and 10.0 Hz with H3), 5.58
(H3, t, 9.7 Hz), 5.20 (H4, dd, 9.6 Hz with H3 and 10.0 Hz with HS), 4.54 (H5, d,
10.3 Hz), 3.78 (CH30CO, s), 2.11 (s), 2.07 (s) and 2.06 (s) (each s corresponds to one
CH3COO group). 13C NMR (CDCl3): 169.6 (2 x CH3COO), 169.4 (CH3COO), 166.6
(CH30CO0), 854 (C1), 72.0, 70.3, 69.3, 68.5 (C2, C3, C4, C5), 53.1 (CH30), 20.6
(2 x CH3CO00y, 20.4 (CH3COO).

EC silver sal
A solution of silver nitrate (0.66 g) in 5 ml of water was added to a solution of FC

(0.58 g) in 50 ml of hot dilute (2%) aqueous ammonia32, After stirring for 2 h in a steam
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bath, the solution was cooled overnight at 4°C. The crystals obtained were isolated by fil-
tration, washed with ether then dried. Yield: 78%.

Methyl 2.3.4-Tri-O-acetyl-1-(4-amino-5-fluoro-pyrimidin-2-y1)-B-D-glucopyranosiduro-
n T 2-3-FC gl nide) 4 ific synthesi

1.6 g (6.8 mmoles) of the silver salt of FC and 2.6 g (6.6 mmoles) of compound 3
were added under an inert atmosphere (stream of argon) to 40 ml of anhydrous xylene
under reflux. The mixture was stirred and refluxed for 20 min. The solution was filtered
and the residue (AgBr) washed with CHCl3. The filtrate was poured into 300 ml of hexa-
ne. The precipitate obtained was filtered off, washed with hexane and dried. Crystalliza-
tion from hexane afforded compound 4a in 58% yield. Mp: 86°C. Microanalysis: calcula-
ted: C: 45.84%, H: 4.49%, O: 35.95%, N: 9.40%; found: C: 44.93%, H: 4.24%, O:
35.79%, N: 9.36%. 19F NMR (CDCl3): -87.7 (d, 2.7 Hz). Mass and 1H and 13C NMR
characteristics are reported in the text.

Methyl 2.3.4-Tri-O-acetyl-1-deoxy-1-(5-fluorocytosin-1-yl)-B8-D-glucopyranuronate
T N1-B-FC glucuroni ific synthesi
0.5 g (3.87 mmoles) of FC, 1.45 g (3.88 mmoles) of bromosugar 3 and 3.14 g (9.3

mmoles) of potassium nonaflate (C4FgSO3K) were refluxed under argon in 60 ml anhy-
drous acetonitrile with 0.65 ml (3.05 mmoles) of hexamethyldisilazane (HMDS) and 0.86
ml (6.8 mmoles) of trimethylchlorosilane (TMCS). To the orange turbid solution obtai-
ned after 21 h reflux, 100 ml of CHCl3 were added. The mixture was extracted with satu-
rated bicarbonate aqueous solution. After reextracting the aqueous phase with 50 ml of
CH,Cly, the combined organic phases were washed with saturated aqueous NaCl, dried
(NapS0y) and evaporated. Crystallization from hexane afforded compound 5a in 20%
yield. Mp: 134-135°C. Microanalysis: calculated: C: 45.84%, H: 4.49%, O: 35.95%, N:
9.40%; found: C: 44.77%, H: 4.51%, O: 35.83%, N: 9.32%. 19F NMR (CDCl3): -90.0
(dd, 6.9 Hz with H6 and 1.8 Hz with H1"). Mass and 1H and 13C NMR characteristics
are reported in the text.
Non specific synthesis of FC protected glucuronides

0.6 ml (5.28 mmoles) of anhydrous stannic chloride (SnCl4) were added to a solu-
tion of 0.5 g (3.87 mmoles) of FC and 1.3 g (3.38 mmoles) of bromosugar 3 in 10 ml of
anhydrous acetonitrile. The reaction mixture was stirred at room temperature for 2.5 h.

The solvent was then evaporated under reduced pressure and the residue dissolved in 50
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ml of CH)Cly. The solution thus obtained was extracted with saturated aqueous bicarbo-
nate solution, the organic phase was filtered on Celite 545, dried (Na3SO4) and evapora-
ted. The residue was column-chromatographed on silicagel (Kieselgel 60, 0.063-0.100
mm), and eluted with CHCl3:CH30H (92:8). The fractions were collected, and the sepa-
ration was monitored by TLC using CHCl3:CH30H (92:8) as the developing solvent.
Four compounds were isolated. Apart from the protected O2-8-glucuronide 4a (Rf = 0.6)
and the protected N1-8-glucuronide 5a (Rf = 0.2), two other compounds were purified.
From their values of Rf and their mass, NMR and UV characteristics (see text), they were
identified as methyl 2,3,4-Tri-O-acetyl- 1-(4-amino-5-fluoro-pyrimidin-2-yl)-a-D-gluco-
pyranosiduronate 6a (Rf = 0.7) and methyl 2,3,4-Tri-Q-acetyl-1-deoxy-1-(5-fluoro-
cytosin-3-yl)-B8-D-glucopyranuronate 7a (Rf = 0.3). The net yields after chromatography
were 30% for the O2-B derivative 4a, 10% for the N1-B derivative 5a, 5% for the O2-a
derivative 6a (mp: 78-79°C; microanalysis: calculated: C: 45.84%, H: 4.49%, O: 35.95%,
N: 9.40%; found: C: 44.87%, H: 4.44%, O: 35.81%, N: 9.31%; 19F NMR (CDCl3):
-87.65 (d, 2.7 Hz)) and 2% for the N3-8 derivative 7a (microanalysis: calculated: C:
45.84%, H: 4.49%, O: 35.95%, N: 9.40%; found: C: 45.18%, H: 4.50%, O: 35.90%,
N: 9.32%; 19F NMR (CDCl3): -87.9 (broad signal: the coupling between F and H6 was
undetected but observed in the 1TH NMR spectrum (TABLE 1)).
Methyl 2.3.4-Tri-Q-acetyl-1-deoxy-1-(5-fluorouracil-1-yD)-B-D-glucopyranuronate (pro-
N1-8- lucuroni ific synthesi

0.47 ml (2.25 mmoles) of HMDS, 0.29 ml (2.25 mmoles) of TMCS and 2.40 ml

(20.4 mmoles) of SnCly were added to a solution of 0.35 g (2.69 mmoles) of FU and

1.00 g (2.67 mmoles) of bromosugar 3 in 60 ml anhydrous acetonitrile under argon.
After stirring for 10 h at room temperature, 100 ml of CH»Cly were added. Work up as
described for the protected N1-8-FC glucuronide 5a afforded a crude orange product
which was column-chromatographed on silicagel as described above for the non-specific
synthesis of FC glucuronides. Yield: 20%; mp: 225°C (lit.12: 226-227°C). 19F NMR
(CDCI3): -86.1 (apparent td, 5.7 Hz with H6, 1.5 Hz with H1' and 4.9 Hz with H3-N;
these three F-H couplings were also observed in the corresponding TH NMR spectrum).

Mass and 1H and 13 C NMR characteristics are reported in the text.
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Dimethyl 2.2'.3.3'4.4"-Hexa-O-acetyl-1.1'-(5-fluoro-pyrimidin-2.4-diyl)-B8-D-glucopy-
ranosiduronate (protected 02,04 bis-B-FU glucuronide) 9a (specific synthesis)

6.8 mmoles of the silver salt of FU (obtained in 66% yield from FU using the proce-
dure described above for FC silver salt) and 14 mmoles of bromosugar 3 were added
under argon to 40 m! of boiling anhydrous xylene. The mixiure was stirred and refluxed
for 20 min. Work up as for the protected O2-8-FC glucuronide 4a led to a orange syrup,
which was column-chromatographed on silicagel as described in the non-specific synthe-
sis of the FC-glucuronides. Yield: 25%; mp: 214°C. 19F NMR (CDCl3): -84.2 (d, 1.6
Hz). Mass and 'H and 13C NMR characteristics are reported in the text.

General method for synthesis of B and a-D-glucuronic acids of FC or FU

The protecting acetyl and methyl groups were carefully removed from the glucuroni-
des 4a-9a according to the procedure described in the Sankyo patent20. 0.27 mmoles of
protected glucuronide were dissolved in 1.4 ml of anhydrous CH30H. After cooling the
mixture in iced water, 0.16 ml of a 1 M solution of sodium methylate in methanol were
added. The reaction mixture was stirred for 40 min at 0°C and then neutralized with 1.2 M
HCI (0.13 ml). Solvent was evaporated under reduced pressure. The residue was dissol-
ved in 4 ml of CHCI3 and the solution obtained extracted with 4 ml of water. 5.85 ml of
CH3O0H and 0.1 ml of aqueous ammonia (20%) were added to the aqueous phase. The
solution was stirred at room temperature for 24 h, solvent was then evaporated, leaving a
whitish solid material.

1-(4-amino-5-fluoro-pyrimidin-2-yl)-B-D-glucopyranosiduronic acid (02-8-FC glu-
curonide) 4b (yield: 70%; 19F NMR (H20): -86.5 (d, 3.1 Hz)) and 1-deoxy-1-(5-fluoro-
cytosin-1-yl)-B-D-glucopyranuronic acid (N1-8-FC glucuronide) 5b (yield: 66%; microa-
nalysis: calculated: C: 39.34%, H: 3.93%, O: 36.72%, N: 13.77%; found: C: 38.84%,
H: 3.65%, O: 36.15%, N: 13.44%; 19F NMR (HO): -88.5 (dd, 6.2 Hz with H6 and 1.1
Hz with H1") were sufficiently pure for mass spectrometry and NMR spectroscopy.

1-(4-amino-5-fluoro-pyrimidin-2-yl)-a-D-glucopyranosiduronic acid (02-o-FC glu-
curonide) 6b and 1-deoxy-1-(5-fluorouracil-1-yl)-8-D-glucopyranuronic acid (N1-8-FU
glucuronide) 8b were purified by HPLC using a Lichrosorb RP-18 (7 pm) analytical co-
lumn. The mobile phase consisted of 95% HyO-5% CH30H. The flow rate was set at 1
ml/min and the UV absorbance of the column effluent was monitored at 280 nm. The pro-

ducts were characterized by mass spectrometry and NMR. 19F NMR (H0): 6b: -86.8



19: 05 26 January 2011

Downl oaded At:

GLUCURONIDES OF FLUOROPYRIMIDINE DRUGS 349

(d, 3.2 Hz); 8b: -89.2 (d, 5.6 Hz; the coupling between F and H1' was undetected but
observed in the 1H NMR spectrum (1.7 Hz, TABLE 3)).

Deprotection of methyl 2,3,4-Tri-Q-acetyl-1-deoxy-1-(5-fluorocytosin-3-yl)-8-D-

glucopyranuronate 7a and dimethyl 2,2'.3,3'.4,4'-Hexa-Q-acetyl-1,1'-(5-fluoro-

pyrimidin-2,4-diyl)-B-D-glucopyranosiduronate 9a afforded several products. We were

unable to obtain pure compounds by HPLC.
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